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Introdução: A apneia obstrutiva do sono (AOS) ocorre por colapsos recorrentes da 
via aérea superior durante o sono, o que resulta em redução total (apneia) ou parcial 
(hipopneia) do fluxo aéreo. Trata-se de uma doença da via aérea superior, que 
funciona como uma estrutura dinâmica com relação de interdependência entre o 
Nariz e a Faringe. 
 
Objetivo: Avaliar as alterações volumétricas da cavidade Nasal em pacientes com 
Apneia Obstrutiva do Sono. 
 
Metodologia: Tese desenvolvida a partir de dois artigos científicos. Ambos são 
estudos retrospectivos por meio da revisão de prontuários de pacientes adultos com 
queixas sugestivas de AOS.  
 
Resultados: No artigo 1, foram analisados 94 pacientes divididos três grupos, com 
base na obstrução nasal e na AOS.  Não houve diferença entre os grupos quanto 
Avaliação do Volume Nasal (NAV) (p = 0,464), já na avaliação do IMC os grupos 
diferiram entre si (p = 0,001). Na análise da presença de Desvio do Septo Nasal e 
Hipertrofia do Corneto Inferior houve correlação significante com o Índice de Apneia 
e Hipopneia (IAH) (p = 0,03 / p = 0,048) 
 
No Artigo 2, foram avaliados 84 pacientes com Apneia Obstrutiva do Sono divididos 
dois grupos: obesos e não obesos, utilizando corte de 30 kg / m2. Os grupos foram 
comparados utilizando testes de comparação de média, os achados foram 
significativos para a avaliação do IAH (p = 0,02) e instrumento NOSE (p = 0,033), 
não houve correlação quanto ao NAV (p = 0,177). Na relação com achados 
nasofibroscópicos os pacientes obesos foram correlacionados positivamente com 
Hipertrofia do Corneto Inferior (p = 0,036), com oddis ratio de 1,983 (IC 95% 1,048-
3,753) e não houve significância com Desvio do Septo Nasal (p = 0,126) 
 
Conclusão: Os achados de locais de obstrução nasal, como desvio de Septo Nasal 
e Hipertrofia do Corneto Inferior, foram significativamente correlacionados com a 
gravidade da AOS. A obesidade apresentou correlação com obstrução nasal 
subjetiva (Escala NOSE) e Hipertrofia de Corneto Inferior em pacientes com AOS. 
 














Introduction: Obstructive sleep apnea (OSA) is caused by recurrent collapse of the 
upper airway during sleep, resulting in total (apnea) or partial (hypopnea) airway 
reduction. It is a disease of the upper airway, which works as a dynamic structure 
with a relationship of interdependence between the nose and the pharynx. 
 
Objective: Evaluate the volumetric changes of the nasal cavity in patients with 
obstructive sleep apnea. 
 
Methodology : Dissertation developed from two scientific articles. Both are 
retrospective studies by reviewing the medical records of 94 adult patients with 
complaints suggestive of OSA . 
 
Results: In article 1, a total of 94 patient record charts were analyzed and three 
groups were established based on nasal obstruction and OSA. There were no 
differences between the groups, such as the Nasal Airway Volume (NAV) (p = 
0.464), and in the BMI assessment the groups differed from each other (p = 0.001). 
In the analysis of the presence of Nasal Septum Deviation and Inferior Turbinate 
Hypertrophy there was a significant correlation with the Apnea and Hypopnea Index 
(AHI) (p = 0.03 / p = 0.048). 
 
In Article 2, 84 patient records divided in two groups: obese and non-obese, using a 
cut of 30 kg / m2. The groups were compared using means comparison tests, the 
findings were significant for an assessment of AHI (p = 0.02) and NOSE instrument 
(p = 0.033), there was no correlation for the NAV (p = 0.177). In the relationship with 
nasofibroscopic findings were positive correlation with Inferior Turbinate Hypertrophy 
(p=0.036), with oddis ratio 1.983 (IC 95% 1.048-3.753), and no significant results with 
Nasal Septum Deviation (p=0.126). 
 
Conclusions: The findings of nasal obstruction sites, such as Nasal Septum 
Deviation and Lower Turbinate Hypertrophy, were significantly correlated with the 
severity of OSA. Obesity presented a correlation with subjective nasal obstruction 
(NOSE Scale), and Inferior Turbinate Hypertrophy in OSA patients. 
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 A Apneia Obstrutiva do Sono (AOS) caracteriza-se por episódios recorrentes 
de colapso parcial ou total das vias aéreas superiores durante o sono. O colapso 
causa uma redução ou interrupção completa do fluxo de ar inspirado, apesar dos 
esforços inspiratórios em curso. Devido à falta de ventilação alveolar adequada, 
resultante do estreitamento das vias aéreas superiores (VAS), a saturação de 
oxigênio pode diminuir e a pressão parcial de CO2 pode, ocasionalmente, aumentar. 
Os eventos são, na maior parte, terminados por despertares. A consequência clínica 
é sonolência diurna excessiva relacionada à fragmentação do sono (1).  
 O sono é um estado comportamental de relaxamento progressivo e reversível, 
com desligamento preceptivo e da ausência de resposta ao ambiente. O sono é 
geral, mas não, necessariamente, acompanhado por postura reclinada, 
comportamento inerte e olhos fechados. Durante o sono, existe uma redução do 
tônus muscular generalizado que fica mais acentuada durante a fase REM do sono, 
vez que há um relaxamento profundo da musculatura esquelética. A configuração 
anatômica e funcional da faringe, associada ao progressivo relaxamento muscular, 
pode promover o fechamento parcial e total desse segmento durante o sono. 
 A faringe é o único segmento colapsável deste complexo, estando exposta às 
forças internas e externas, que determinam sua patência. Segundo De Backer et al. 
(2009) (2), a faringe é o principal segmento da via aérea responsável pelo 
surgimento da Apneia Obstrutiva do Sono. O lúmen da orofaringe e da hipofaringe 
sofre colapso por alterações na luz ou por aumento da pressão negativa, causada 
por alterações em outros setores da via aérea, em especial o nariz e a rinofaringe 
(2).  
 A musculatura dilatadora da faringe tem um papel importante na estabilização 
da via aérea superior. Os músculos dilatadores da faringe têm a função de 
promover o tônus postural da estrutura tubular faríngea e manter a sua 
permeabilidade ao fluxo aéreo, na vigência de pressão negativa intraluminal, 
durante a inspiração. Dentre os mais importantes, destes músculos dilatadores, 
encontam-se o genioglosso, o cricoaritenóideo posterior e o tensor do véu palatino 
(3). O reflexo de ativação desta musculatura está aumentado durante a vigília, em 




sono, porém, especialmente o sono REM (REM), a ativação desta musculatura 
diminui ou é quase abolida. A amplitude da ativação muscular, entre os estados de 
vigília e sono, é muito acentuada, posto que promove o colapso da faringe durante o 
sono (2,4). 
 A pressão negativa e o repetitivo trauma da VAS causam edema dos tecidos 
moles, e contribui para a sua obstrução (5).  Os pacientes com AOS tendem a 
acumular gordura na região cervical e na adjacência da faringe, o que aumenta a 
pressão positiva tecidual, contribuindo para o colapso desta região (6). A 
musculatura da VAS, nestes pacientes, apresenta uma miopatia primária, que a 
torna mais suscetível ao colapso, pelo acúmulo de fibras musculares do tipo II, mais 
fatigáveis (7). 
A presença de um ponto de obstrução na VAS aumenta a força realizada, 
pela musculatura respiratória, para fazer o ar chegar aos pulmões. Há aumento da 
pressão negativa intraluminal. Assim, no trecho localizado caudalmente ao ponto de 
obstrução, é desencadeado o estreitamento deste segmento. Como se observa na 
Figura 1, a presença de alteração na luminal no ponto P3, por exemplo, influencia o 
fluxo de ar e aumenta a pressão negativa nos pontos caudais (P4, P5 e P6). Sob 
anestesia tópica, a faringe e a fenda glótica diminuem de calibre enquanto há 
aumento na resistência das vias aéreas superiores, o que sugere que os 
mecanorreceptores são importantes na manutenção da permeabilidade da faringe, 










Pacientes com obstrução nasal são os mais expostos ao colapso da VAS, 
decorrente do aumento da pressão negativa na luz da faringe. Quando há um ponto 
que cause aumento da resistência da VAS, ocorre o Efeito Bernoulli. Este fenômeno 
é causado por um aumento da velocidade do ar inspirado em áreas com menor 
calibre, resultado da diminuição da pressão intraluminal, o que facilita o colapso 
durante a inspiração. Portanto, quanto maior o estreitamento da VAS, maior a 
pressão negativa e maior o potencial de seu colapso (10).  
 O papel do nariz na fisiopatologia da AOS permanece incerto. O próprio nariz 
pode não colapsar, mas anormalidades nasais influenciam a estabilidade da faringe. 
Aumento da resistência nasal limita o fluxo de ar, o que pode diminuir a pressão 
intraluminal nos segmentos caudais da via aérea superior (11). Isto indica que a via 
aérea superior pode se assemelhar a um resistor Starling (figura 2), caracterizado 
como um tubo oco, com o nariz representando obstrução parcial na entrada e a 
faringe representando um segmento a jusante colapsável (12,13). 
 
Obstrução nasal durante o sono geralmente induz a respiração bucal, que 
está associada à redução das áreas retropalatal e retroglossal, quando comparada 
com a respiração com boca fechada (12,14). Estudos demonstram que os 
receptores nasais são sensíveis ao fluxo de ar e podem ter um efeito reflexo na 
ventilação e no tônus muscular da faringe. A ventilação espontânea é maior durante 
a respiração nasal do que durante a respiração bucal em indivíduos normais (15). O 







respiração nasal, fato que sugere que a atividade do músculo dilatador das vias 
aéreas superiores pode ser modulada por receptores na mucosa nasal sensíveis ao 
fluxo de ar ou à pressão (12,16). 
A obesidade e os distúrbios a ela relacionados desempenham um papel 
importante na AOS e a sua relação com o aumento da resistência das vias aéreas 
superiores é mostrada em vários estudos (17–19). O tecido adiposo acumulado na 
faringe é a principal força extrínseca que pode induzir o seu colapso. Pacientes 
obesos tem menor amplitude de movimentação torácica e precisam de um gradiente 
de pressão maior para manter o fluxo aéreo, de modo a promover uma pressão 
intraluminal mais negativa e mais propensa ao colapso (18). 
A definição de AOS, apresentada em 1999, por uma força tarefa da American 
Academy of Sleep Medicine é de colapsos recorrentes da via aérea superior durante 
o sono, que resulta em redução total (apneia) ou parcial (hipopneia) do fluxo aéreo 
(20). Durante o sono, existe uma redução, generalizada, do tônus muscular, ainda 
mais acentuada na fase “Rapid Eye Moviment” (REM), uma vez que há um 
relaxamento profundo da musculatura esquelética. A configuração anatômica e 
funcional da faringe, associada ao progressivo relaxamento muscular, pode 
promover o fechamento parcial e total desse segmento, durante o sono. 
 Os eventos respiratórios obstrutivos, que ocorrem durante o sono, causam 
dessaturação da oxi-hemoglobina, com consequente ativação de quimiorreceptores, 
que culminam com a liberação de noradrenalina. O evento terminal é o despertar 
cortical, que ativa a musculatura, revertendo o colapso da VAS. Essa sequência 
fisiopatológica ocorre repetidas vezes durante o período de sono e leva ao aumento 
do estresse oxidativo. A AOS é um fator de risco para pacientes portadores de 
doenças cardiovasculares e metabólicas (21,22).  
 A AOS tem prevalência de 32,8% da população adulta brasileira, sendo mais 
atingidos os homens, com índice de massa corpórea (IMC) > 25 kg/m2, de baixo 
nível socioeconômico, com idade avançada, e as mulheres na menopausa (23). 
 Os principais achados, no exame físico, incluem aumento da circunferência 
do pescoço, obstrução da orofaringe, flacidez palatal, obstrução nasal, hipertrofia de 
cornetos, deformidade septal, tumores da cavidade nasal, hipertrofia das amígdalas, 




 Além do ronco, os principais sinais e sintomas da AOS são: apneias 
testemunhadas, engasgos durante o sono, sonolência diurna excessiva, sono não 
reparador, sono fragmentado, noctúria, cefaleia matinal, declínio cognitivo, perda de 
memória, redução da libido e irritabilidade (25). 
 Os pacientes com AOS, quando são comparados com indivíduos sadios7, 
apresentam a VAS com área menor, comprimento mandibular reduzido, 
retroposição da maxila e posicionamento inferior do osso hioide. Schwab et al. 
(2003) demonstraram, por meio de exame de ressonância magnética, que pacientes 
com AOS têm as estruturas das partes moles, ao redor da faringe (língua, parede 
lateral, tonsilas e tecido adiposo), com volume significativamente maior que os 
pacientes controles (24). 
A avaliação da VAS é realizada, principalmente, por meio do exame físico, 
incluindo a endoscopia de via aérea superior. Esta permite a avaliação dos sítios 
obstrutivos existentes na luz da cavidade nasal e na faringe. A avaliação das 
estruturas externas ao lúmem é realizada por intermédio de exames de imagem. Os 
principais exames utilizados são a tomografia computadorizada e a ressonância 
magnética. Esta última pode gerar uma análise dinâmica, com o registro da via 
aérea em movimento. Ressalta-se que este é um exame oneroso e demorado (26).  
 A maioria dos estudos sobre a função do nariz foi realizada por meio de 
avaliações de rinomanometria e rinometria acústica que mostraram diminuição do 
volume nasal em pacientes com AOS (12,13). A utilização da Tomografia 
Computadorizada (TC) permite uma acurada mensuração do volume do espaço 
livre na cavidade nasal produzindo um dado para avaliação da cavidade nasal em 












 A presente tese tem por objetivos:  
 
Objetivo 1: Avaliar a relação entre as características volumétricas e anatômicas da 
cavidade nasal com a Apneia Obstrutiva do Sono. 
 
Objetivo 2: Avaliar a relação entre a obesidade e as propriedades objetivas e 





Artigo 1 - Nasal Airway Evaluation in Obstructive Sleep Apnea Patients: 
Volumetric Tomography and Endoscopic Findings 
 Publicado International Journal of Oral and Maxillofacial Surgery em 13 de Junho de 
2017. DOI: 10.1016/j.ijom.2017.05.009 
Marcos Marques Rodrigues: MD, MS, PhD Student. Assistant Professor, 
Otolaryngology Division, Medical School, University of Araraquara – Uniara, 
Araraquara-SP, Brazil. Absence of any conflicts of interest. 
Mário Francisco Real Gabrielli: DDS, MD, MS, PhD. Professor, Department of 
Diagnosis and Surgery, Division of Oral and Maxillofacial Surgery, Dental School at 
Araraquara - Unesp, Araraquara-SP, Brazil. Absence of any conflicts of interest 
Otávio Alves Garcia Junior: Graduate Student. Medical School, University of 
Araraquara – Uniara, Araraquara-SP, Brazil. Absence of any conflicts of interest. 
Valfrido Antonio Pereira Filho: DDS, MS, PhD. Associate Professor, Department of 
Diagnosis and Surgery, Division of Oral and Maxillofacial Surgery, Dental School at 
Araraquara - Unesp, Araraquara-SP, Brazil. 
Luis Augusto Passeri: DDS, MS, PhD. Professor of Oral and Maxillofacial 
Surgery, Department of Surgery, School of Medical Sciences - Unicamp. Absence of 
any conflicts of interest. 
 All the above-mentioned authors declare that there is no conflict of interests. 
Institution where work was performed: Oral and Maxillofacial Surgery Division of 
the Dental School at Araraquara - Unesp, Araraquara-SP, Brazil, and at the 
Otorhinolaryngology Clinics of the Medical School at the University of Araraquara – 
Uniara, Araraquara-SP, Brazil. 
This study had no external funding, involved no off-label drug use, and has not been 













Introduction: Obstructive Sleep Apnea (OSA) occurs by recurrent collapse of the 
upper airway during sleep. Nasal abnormalities influence the stability of the pharynx.  
 
Purpose: The aim of this study is to evaluate the volumetric and anatomic changes 
of the nasal cavity in patients with OSA.  
 
Methods: The Nasal Obstruction Symptom Evaluation (NOSE) Instrument was used 
for grading nasal obstruction. Sleep Breathing Disorders were evaluated by 
polysomnography exams. Nasal Volume was obtained by CT scans and volumetric 
reconstruction of the nasal airway. Nasal anatomic alterations were identified by 
nasal fibroscopy. 
 
Results: A total of 94 patient record charts were analyzed. The sample consisted of 
32 patients with severe OSA, 16 with moderate OSA, 23 with mild OSA and 20 
normal subjects. Three groups were established, based on Nasal Obstruction and 
OSA. The groups were compared for Nasal Airway Volume (NAV) Evaluation 
(p=0.464) and BMI (p=0.001). The Presence Nasal Septum Deviation and Inferior 
Turbinate Hypertrophy were related to NOSE (p=0.05/p=0.05), Apnea-Hypopnea 
Index (p=0.03/p=0.05) and to NAV (p=0.71/p=0.78). 
 
Conclusion: In the nasal evaluation of OSA patients, the findings of sites of 
obstruction were correlated with OSA severity, and this did not occur in the 
evaluation of the Nasal Airway Volume dimensions.  








Obstructive sleep apnea (OSA) has been an increasingly recognized and 
diagnosed disease in recent years. Accurate diagnosis and appropriate treatment are 
the keys to management of this illness that has socioeconomic repercussions and 
complications, including increased incidence of cardiovascular morbidity. The 
increasing prevalence of overweight in the Western population has been associated 
with greater risk for developing OSA and snoring(1,2).  
The American Academy of Sleep Medicine has defined OSA as a recurrent 
collapse of upper airway during sleep, resulting in a total (apnea) or partial 
(hypopnea) reduction of airflow. Primary snoring is a low frequency snore caused by 
soft palate and uvula vibrations during sleep.(3)  
A large epidemiological study in the United States, involving 5,201 adult 
patients, showed that 19% of women and 33% of men, over the age of 5 years, snore 
(4). Another study demonstrated that approximately 18% of men and 7% of women 
have snoring problems(5). An epidemiologic study conducted in Sao Paulo, Brazil, 
has shown a prevalence of OSA of 32.8% in the adult population.(6)  
Risk factors for OSA and snoring include: age between 40 and 65 years; male 
gender; obesity; smoking; alcoholism and sedentary lifestyle (7). The main physical 
examination findings associated with OSA include increased neck circumference, 
oropharyngeal obstruction, web palate, nasal obstruction, turbinate hypertrophy, 
septal deformity, nasal cavity tumors, enlarged tonsils, macroglossia and 
retrognathia. Anatomic findings such as vibration factors and collapsed upper airway 
have been described in studies that used cephalometry, computed tomography, 
magnetic resonance imaging and nasal fibroscopy (8).  
Symptoms may vary among patients, depending on the disease severity. The 
most frequent are snoring and excessive daytime sleepiness. Witnessed nocturnal 
apneas, choking during sleep, non-restorative sleep, fragmented sleep, enuresis, 
morning headaches, cognitive decline, memory loss, reduced libido and irritability are 
also observed according to the evolution of OSA (9). 
 
The role of the nose in the pathophysiology of OSA remains uncertain. This is 
an upper airway disease, in which the main site of obstruction is in the oropharynx. 
The nose itself does not collapse, but nasal abnormalities influence the stability of the 
	 25	
pharynx. Increased nasal resistance limits the airflow that can decrease intraluminal 
pressure in cranial segments of the upper airway (10). This indicates that the upper 
airway may resemble a Starling resistor, wherein the upper airway is characterized 
as a hollow tube, with the nose representing partial obstruction at the inlet and the 
pharynx representing a collapsible downstream segment (11). 
Most studies about nose function have been conducted by means of 
rhinomanometry and acoustic rhinometry evaluations that showed a diminished nasal 
volume in OSA patients(12,13). A few studies have used Computed Tomography 
(CT), but no study has evaluated nasal volume by means of CT scans.  
 
PURPOSE 
The aim of this study was to evaluate the volumetric changes of the nasal 
cavity in patients with OSA and nasal obstruction. 
 
METHODOLOGY 
This study was conducted in compliance with the rules laid down by 
Declaration of Helsinki and was approved by the Ethics in Research Committee of 
Araraquara Dental School - Unesp, registration 47794715.3.0000.5416. 
This article describes a cross-sectional study conducted by reviewing medical 
records of adult patients from the Oral and Maxillofacial Surgery Clinic, Dental School 
at Araraquara - Unesp and Otorhinolaryngology Clinic - Araraquara University 
(Uniara). Patients were evaluated at a specific sleep outpatient clinic.  
The following data were obtained from the medical records: dental physical 
exam, facial morphology classification, otorhinolaryngology (ENT) examination, 
upper airway endoscopy, anthropometric variables, body mass index (BMI), baseline 









Nasal Obstruction Evaluation 
The NOSE Instrument (Nasal Obstruction Symptom Evaluation) was used for 
grading nasal obstruction. The scale consists of 5 questions, receiving scores 
ranging from 0 to 4. These scores are added and multiplied by 5. Thus, the NOSE 
Instrument scores range from 0 to 100. The individual whose NOSE Instrument score 





Sleep Breathing Disorders Evaluation 
The polysomnographies were performed at the Araraquara Sleep Institute 
using Iblue 52 (iCelera, Sao Paulo, Brazil). Sleep was assessed during an average 
period of six hours. The electrophysiological parameters evaluated during sleep 
were: electroencephalography (EEC), electrooculography (EOG), electromyography 
(EMG), electrocardiography (ECG), airflow (nasal and oral), respiratory effort 
(thoracic and abdominal), other body movements (by means of EMG), blood gases 
(oxygen saturation, carbon dioxide concentration) and body temperature. The 
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technique was used as defined by the Rules for Scoring Respiratory Events in Sleep 
from the American Academy of Sleep Medicine, 2012 manual.  
A medical specialist in sleep calculated the patients’ apnea-hypopnea index 
(AHI), obtained by the sum of the apnea and hypopnea events divided by the hours 
of sleep. This index was used to classify the severity of OSA as follows: normal (AHI 
< 5 events/hour), mild OSA (AHI between 5 and 15 events/hour), moderate OSA 
(AHI between 15 and 30 events/hour) and severe OSA (AHI > 30 events/hour). 
 
Nasal Volume Evaluation 
To obtain the CT images, the patients were placed in the supine position. All 
subjects were instructed to do not swallow during image acquisition. The sections 
were obtained in the axial plane and reconstructed to coronal plane, from the anterior 
nasal spine to the anterior limit of nasopharynx. All images were stored on a DVD for 
later analysis by specific software. 
The tridimensional images of the CT scans were imported and reconstructed 
by using the Osirix v.7.0 32 bit software (OsiriX Foundation, Geneva, Switzerland) to 
define the nasal volume (15). The images were fixed in the Frankfurt plane was 
perpendicular to the floor by image software. 
Thus, images would be generated, corresponding to consecutive coronal 
sections of the region of interest, with spacing of 4mm. A trained blinded observer 
conducted the evaluation process. The evaluation was repeated in 30% of the 
sample, by the same evaluator, after a minimum period of 30 days to establish the 
method error. The values obtained in the reevaluation were similar to those of the 
first measures.  
All measurements were performed on the coronal slices of CT with a thickness 
of 0.25 mm and 4mm distance between slices. To determine the volume of a nasal 
airway, the area was measured in all slices in the CT. The outline of the nasal airway 
in each slice was manually traced by means of the computer trackpad, considering 
only the free space of the nasal cavity; that is, turbinate and septum deviation were 
not included in the area calculation (Figure 2). The software tool OsiriX calculated the 
area automatically. Then for each section of the CT, the area already given, a TIFF 




The nasal airway volume (NAV) measured in each computed tomography 
slice was calculated by multiplying the area and height, which was equivalent to the 
distance between the coronal slices. The OsiriX software tool calculated the area of 
the missed slices spaced by 4mm. The volume of the entire nose free airway was the 
sum of all volumes measured in each slice. NAV is the sum of volume obtained from 
both sides of the nasal cavity. The NAV obtained was like a pyramidal composed of 
the free airway space of the nose.  
 
Grading the Endoscopic Findings  
Nasal Endoscopy was obtained of all subjects of the study. This was 
performed with a flexible fiberscope without use of vasoconstrictor medication. Nasal 
Septum deviations (NSD) were considered when the septum blocked the fiberscope 
path and/or was a contact with the lateral wall of the nose.  Inferior turbinate 
hypertrophy (ITH) was considered when the turbinate blocked the fiberscope path. 
 
Inclusion/Exclusion Criteria 
The patients included were evaluated from December 2014 to December 
2015, both genders with age between 18 and 70 years. 
We excluded patients with the following conditions: 
• Morbid Obesity (BMI > 40); 
Figure 1 - Nasal airway delimitantion on coronal CT cut. 
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• Craniofacial abnormalities (cranio-dysostosis, craniostenosis and 
meningomyelocele); 
• Nasal obstruction due to nasal polyps; 
• Presence of any craniofacial or airway tumor; 
• Laryngeal and pharyngeal paralysis; 
• Previous surgery in the UA. 
 
Group Sample Disposition  
In an attempt to evaluate the effect of OSA and nasal obstruction on NAV, the 
individuals of this sample were divided into three groups: 
 
• Group I (Control) - subjects without OSA (AHI <5 events / hour) and no nasal 
obstruction (NOSE <60 points). 
  
• Group II - Subjects with OSA (AHI ≥ 5 events / hour) and no nasal obstruction 
(NOSE <60 points).  
 
• Group III - Subjects with OSA (AHI ≥ 5 events / hour) and nasal obstruction 
(NOSE ≥ 60 points).  
These are the three possibilities when we evaluate the nasal function of subjects 
with OSA and nasal obstruction symptoms for comparison with a control group. 
 
Statistical Analysis  
 Data were analyzed by statistical descriptive tests and frequency of results. 
Normality Test of Kolgomorov-Smirnov was used to establish the adequate test for 
variables. For the Nasal Volume and Nose Scale correlation analysis, the Mann-
Whitney test was chosen. To Compare the diferent Groups Anova test was chosen. 
The SAS System for Windows (Statistical Analisis System), version 9.3 software 








Ninety-four medical records were evaluated from December 2014 to 
December 2015. Three patients were excluded from the sample because their 
tomographic scans had poor definition of the limits determined in the methodology, or 
had incomplete data necessary for the research protocol. Therefore, 91 medical 
records were included in the study, 31 (34.5 %) females and 60 (65.5 %) males. The 
demographic variables are demonstrated in Table 1. 
 Table 1 - Descriptive Statistics  
 Minimum Maximum Mean Std. Deviation Normality Test* 
Age 19.00 76.00 41.07 12.65 0.206 
Body Mass Index 20.80 38.40 29.31 4.05 0.861 
NOSE Instrument 10 90 39.92 19.52 0.001 
Nasal Volume (cm3) 8.79 28.06 17.24 4.25 0.676 
AHI 0.4 119.8 29.13 28.32 0.046 
* Kolmogorov-Smirnov Test. 
 
Table 2. Description of the OSA Classification  












 Table 2 demonstrates the distribution of OSA severity in this sample. 
Table 3 shows the comparison of anthropometric variables between the 
Groups. 
The sample was divided into the following Groups: Group I composed of 20 










	 Group	I	 40.15	 16.59	 -	 	
Age	
Group	II	 43.71	 12.37	 -	 0.192*	
Group	III	 37.83	 11.34	 -	 	
	 Group	I	 25.51	 2.50	 -	 	
Body	Mass	
Index	
Group	II	 29.54	 4.25	 -	 0.0001*	
Group	III	 29.76	 3.26	 -	 	
	 Group	I	 16.34	 3.76	 -	 	
NAV	
Group	II	 17.73	 4.47	 -	 0.464*	
Group	III	 17.06	 4.25	 -	 	
	 Group	I	 	 	 9/20(45%)	 	
Males	 Group	II	 	 	 32/46(70%)	 0.142**	
	 Group	III	 	 	 17/25(68%)	 	
* ANOVA Test 
** Chi-Square Test  
 
The variables in Table 3 showed normal distribution, therefore the ANOVA test 
was used. The Groups did not differ from each other in age, NAV and gender 
evaluation. Therefore, no statistical difference was observed. In the BMI evaluation 
the authors observed a statistically significant difference between the groups. In 
Post-hoc analysis by the Turkey test, the authors observed, when reckon BMI, a 
difference between Group I and Group II (p= 0.001), and a difference between Group 
I and Group III (p=0.01). Figure 3 demonstrates a graphic representation of the 





The course of AHI, NOSE Instrument and NAV was evaluated in relation to 
two main nasal endoscopic anatomic variations: Nasal Septum deviations (NSD) and 
Inferior turbinate hypertrophy (ITH). Tables 4 and 5 describe the analysis. 
 









Yes 43.02 21.73 0.048* 
No 35.45 15.26  
AHI 
Yes 31.71 29.18 0.03* 
No 19.46 22.87  
NAV 
Yes 17.13 4.52 0.71** 
No 17.47 4.08  
*Mann-Whitney Test  









Table 5 - Variables Comparison in Inferior turbinate hypertrophy groups 
 ITH Mean Std. Deviation p 
NOSE 
Instrument 
Yes 45.33 21.69 0.048* 
No 37.28 18.05  
AHI 
Yes 33.93 31.42 0.049* 
No 23.10 24.65  
NAV 
Yes 17.09 5.08 0.78** 
No 17.36 3.98  
*Mann-Whitney Test  
** Student T Test 
	
The NOSE Instrument and AHI data did not show normal distribution; 
therefore, the Mann-Whitney Test was used. The Student’s-t Test was used for NAV 
data that showed normal distribution. The Student’s-t test had shown that NAV had 
no significant relationship with NSD (p= 0.71) and ITH (p=0.78). There was a 
marginal difference between the NOSE Instrument and NSD/ITH data (p=0.048/ 
p=0.048). In the AHI evaluation, there was a marginal relationship with the NSD/ITH 
data (p=0,03/p=0.049). The Graphic demonstration is shown below. 
 




OSA is a dynamic disease that develops with total or partial upper airway 
obstruction during sleep, on one or more levels. Patients may be shown to have one 
or more obstructive sites located in the nasal cavity, oropharynx, at the base of the 
tongue and in the hypopharynx (16). 
Alterations in throughout the upper airway (UA) are the main pathophysiology 
of OSA, and although the collapse occurs in pharynx, changes in any point of UA can 
affect the stability of the pharynx. Half of the OSA patients have symptoms of nasal 
blockage and/or obstruction(17). The role played by the nose in the pathogenesis of 
obstructive sleep apnea remains unclear. Nasal congestion contributes to the 
pathogenesis of obstructive sleep apnea(11). Nasal treatments increase the quality 
of life and treatment compliance in some patients with nasal symptoms and OSA. 
Assuming that the upper airway is a dynamic unit, nasal interventions play a role in 
the optimization of treatment of snoring and OSA at present (18). 
In this study, the nasal airway was evaluated by subjective analysis by means 
of the NOSE Instrument. In an objective assay, the authors used the Nasal Airway 
Volume (NAV) and anatomic endoscopic alterations such Nasal Septum deviations 
(NSD) and Inferior Turbinate Hypertrophy (ITH). 
For obtaining NAV values, there are few studies using CT scans. Most of the 
articles used acoustic rhinometry and/or nasal inspiratory peak flow for evaluating the 
nasal airway volume, for which the data is usually acquired with the patient in an 
upright position. In this study, CT scans were obtained in the supine position, a 
favorable position in which to evaluate patients with OSA, because this disease 
usually occurs with patients in lying down in bed. Camacho et al., 2014, using cone 
beam computed tomography, demonstrated that the airway of OSA patients was 
significantly smaller when patients were in a supine compared with an upright 
position(19).  
No significant difference in NAV was found between the study groups. NAV 
scores were relatively similar between the groups. In Group II (subjects with OSA 
and no nasal obstruction) the NAV score was slightly higher, but not at a statistically 
significant level. The OSA and Nasal Obstruction had no influence on the NAV 
values. NAV is a variable that evaluate all the free airway space, but does not 
evaluate the airflow in the nose. For example, in a patient with a blocked nasal 
septum deviation, NAV will include the volume after the airway blockage; that is, a 
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site with compromised airflow. When analyzing similar studies by Aguiar Vidigal et 
al., 2013 and Banabilh et al., 2010 using acoustic rhinometry, we observed no 
significant connection between OSA and NAV(20,21). But these studies did not 
consider a group with nasal obstruction in their analysis.  
Table 4 shows that there was a significant difference in BMI between the study 
groups. In the literature at present, BMI has been shown to have a solid connection 
with OSA(4,6). In our sample, patients with OSA had increased BMI in comparison 
with the control group, but this connection was not influenced by nasal obstruction; 
BMI was similar in Group II and Group III. Demir et al., 2015, observed a positive 
significant statistical correlation between the BMI and an increase in NOSE 
Instrument scores, but in their study sample they did not consider the diagnosis of 
OSA in their subjects(22). Obesity was probably more important than the subject’s 
nasal symptoms in the OSA evaluation. 
When evaluating the nasal endoscopic findings, NSD and ITH had no 
relationship with NAV; subjects with these findings had similar NAV scores (Tables 4 
and 5). NAV is a variable that evaluates all free airway space in the nose, whereas 
NSD and ITH affect the nasal cavity in localized sites. NAV includes the free airway 
behind an NSD site, or above ITH; that is, free spaces in the nose with low airflow 
due to cranially obstructive sites. In comparison with the NOSE Instrument and AHI, 
a significant and positive connection was found with NSD/ITH. Sites of obstruction in 
the nasal cavity had an influence on the nasal symptoms and OSA severity. Aguiar 
Vidigal et al., 2013, found similar results in relation to ITH, but not relative to NSD. 
Nasal alterations as measured by nasal endoscopy were associated with the 
presence of OSA(20). Abnormal nasal anatomic findings would be considered in the 
OSA evaluation, and when these alterations are found, they must be treated for a 
better approach to OSA. Moxness et al., 2014, in an observational cohort study, 
observed that the effect of nasal surgery on OSA seemed to be greater when 
combined with surgery of the inferior turbinate and the nasal septum, when 
compared with septoplasty alone(23).  
In this sample, it was demonstrated that endoscopic nasal findings (NSD/ITH) 
were more important than NAV when evaluating OSA patients. In the calculation of 
NAV, the entire nasal cavity was considered, including the segment after a possible 
point of maximum obstruction. After this point, there was a gain in airflow that 
decreased the intraluminal pressure in caudal segments of the upper airway, leading 
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a collapse of the upper airway in the pharynx(10). Caples et al, 2009, demonstrate 
that in the surgical planning its important consider procedures in multiple levels in the 
UA to have more success in surgery treatments(24). 
A site of obstruction in the nasal airway may be more significant than a low 
nasal volume in the pathophysiology of OSA. Similar results were found by Banabilh 
et al., 2010, using acoustic rhinometry. They demonstrated that the area of minimal 
cross section in the nose had a significant relationship with OSA, whereas, the 
relationship between total nasal volume and OSA was not significant(21).  
In conclusion, nasal obstruction did not significantly interfere in the variation of 
the NAV in patients with OSA. Obstructive nasal endoscopic findings, as Nasal 
Septum Deviation and Inferior Turbinate Hypertrophy, were significantly correlated 
with OSA severity. 
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Introduction: Obstructive Sleep Apnea (OSA) is consequence of the collapse of 
upper airway (UA). Any obstructive sector in UA can contribute to the pharyngeal 
collapse. Obesity and obesity-related disorders play an important role in OSA and its 
relation in increased upper airway resistance.  
Purpose: This study was designed to evaluate the relationship between Obesity and 
properties of the nasal cavity in patients with Obstructive Sleep Apnea.   
Methods: The study was carried out retrospectively by review of medical records of 
adult patients. For the graduation of nasal obstruction was used the Nasal 
Obstruction Symptom Evaluation (NOSE) Instrument. Sleep breathing disorders were 
evaluated by polysomnography exams. Nasal volume was obtained by CT scans and 
volumetric reconstruction of nasal airway. Nasal anatomic alterations were accessed 
by nasal fibroscopy. 
Results: Analysis of 84 patient records among whom 54 were male and 29 female 
found the mean Body Mass Index (BMI) of 28.69 kg/m2. Obese and non-obese 
groups using cut-off 30kg/m2. The Obese group had positive and significant 
correlation with Apnea/Hypopnea Index (p=0.02), NOSE Instrument (p=0.033) and 
Inferior Turbinate Hypertrophy (p=0.036), with oddis ratio 1.983 (IC 95% 1.048-3.753) 
No significant results were found with Nasal Septum Deviation (p=0.126) and Nasal 
Airway Volume (NAV) Evaluation (p=0.177). 
 
Conclusion: Obesity has a significant correlation with subjective nasal obstruction 
(NOSE Scale) and Inferior Turbinate Hypertrophy in patients with OSA. There is no 
correlation with Nasal Volume evaluation. The nose evaluation is important in OSA 
patients to create a proper treatment plan. 






 Obstructive Sleep Apnea (OSA) is a disease that has the upper airway (UA) 
as its main pathophysiological site(1). The American Academy of Sleep Medicine 
defines OSA as a recurrent collapse of upper airway during sleep, resulting in a total 
(apnea) or partial (hypopnea) reduction of airflow.  
Any obstructive sector in UA can contribute to the pharyngeal collapse. The 
nose contributes with half of total resistance of upper airway(2). The UA patency is 
defined by transmural pressure (TMP) which is defined by the difference between the 
intraluminal pressure (ILP) and tissue pressure (TP), or TMP = ILP - TP. Increased 
TMP distends the UA and keeps it open(3). The presence of an obstruction point UA 
increases intraluminal negative pressure in the section located after the point of 
obstruction, which triggers the narrowing of this segment. Patients with nasal 
obstruction are more exposed to the collapse of the upper airways by increasing 
negative pressure on the lumen of the pharynx(4). 
To analyze the UA stability it is important to consider the external forces that 
compound the tissue pressure, whose main factor is obesity(5).  Increased adipose 
tissue in the neck press on the pharyngeal wall making TMP more negative. Patients 
with OSA tend to accumulate fat in the cervical region and adjacent pharyngeal 
tissue which increases Tissue Pressure, which contributes to the collapse of this 
site(6). The muscles of the upper airway of these patients have a primary myopathy, 
which makes then more susceptible to collapse because of an accumulation of 
muscle of more  fatigable fiber type II(7).  
Obesity and obesity-related disorders play an important role in OSA and its 
relation in increased upper airway resistance is shown in various studies(8–10).  
There are several methods to evaluate the nose, and analyze how the nose 
alterations affect UA resistance. Endoscopic and Computed Tomography (CT) 
findings are important for the identification of obstructive sites. Nasal Obstruction 
Symptom Evaluation scale (NOSE) is a validated subjective test for evaluate nasal 
symptoms(11). In this study the nasal volume measurement was measured by CT 




To evaluate if there is a correlation between Obesity and subjective/objective 
properties of the nasal cavity in patients with Obstructive Sleep Apnea.  
 
METHODOLOGY 
This study followed the rules laid down by Declaration of Helsinki and was 
approved by the Ethics in Research Committee of Araraquara Dental School - 
Unesp, registration 47794715.3.0000.5416. 
It was carried out retrospectively by reviewing medical records of adult 
patients from the Oral and Maxillofacial Surgery Clinic, Dental School at Araraquara - 
Unesp and Otorhinolaryngology Clinic - Araraquara University (Uniara). Patients 
were evaluated at a specific ambulatory clinic for patients with complaints and 
symptoms related to respiratory sleep disorders. The following data were obtained 
from the medical records: otorhinolaryngology (ENT) examination, upper airway 
endoscopy, anthropometric variables, body mass index (BMI), baseline 
polysomnography and computed tomography (CT) scans to define the nasal cavity 
volume. 
For the graduation of nasal obstruction was used the NOSE Instrument (Nasal 
Obstruction Symptom Evaluation). The scale consists of 5 questions (nasal 
congestion, nasal blockage, trouble in breath, exercise and sleeping) receiving 
scores ranging from 0 to 4. These notes are added and multiplied by 5. Thus, the 
NOSE Instrument ranges from 0 to 100(11). This instrument is routinely applied for 
all patients with suspicion of OSA. All questionnaires were validated by the senior 
physician of ambulatory.  
Upper airway endoscopy was performed to evaluate the anatomic alterations 
in the nose and pharynx. It’s possible finds are nasal septum deviations, inferior 
turbinate hypertrophy, tonsils hypertrophy and unstable sites of pharynx and larynx. 
Nasal Septum deviations (NSD) were considered when the septum blocked the 
fiberscope path and/or was a contact with the lateral wall of the nose.  Inferior 
turbinate hypertrophy (ITH) was considered when the turbinate blocked the 
fiberscope path. All endoscopies were made by uniformed protocol and validated by 
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the senior physician of ambulatory. All procedures were recorded in video and 
lauded. 
Sleep was assessed during a six-hour average period by polysomnography 
type I. The electrophysiological parameters evaluated during sleep were: 
electroencephalography (EEC), electrooculography (EOG), electromyography 
(EMG), electrocardiography (ECG), airflow (nasal and oral), respiratory effort 
(thoracic and abdominal), other body movements (by means of EMG), blood gases 
(oxygen saturation, carbon dioxide concentration) and body temperature. The 
technique was used as defined by the Rules for Scoring Respiratory Events in Sleep 
from the American Academy of Sleep Medicine, 2012 manual(12). The severity of 
OSA was classified using Apnea-Hypopnea Index as defined by AASM(13). A 
medical specialist in sleep calculated the patients’ apnea-hypopnea index (AHI), 
obtained by the sum of the apnea and hypopnea events divided by the hours of 
sleep. This index was used to classify the severity of OSA as follows: normal (AHI < 
5 events/hour), mild OSA (AHI between 5 and 15 events/hour), moderate OSA (AHI 
between 15 and 30 events/hour) and severe OSA (AHI > 30 events/hour). 
The CT images were obtained by a 128-channel tomography with the patients 
were placed in the supine position. All subjects were instructed to do not swallow 
during image acquisition. The sections were obtained in the axial plane and 
reconstructed to coronal plane, from the anterior nasal spine to the anterior limit of 
nasopharynx. All images were stored on a DVD for later analysis by specific 
software. 
The tridimensional images of the CT scans were imported and reconstructed 
by using the Osirix v.7.0 32 bit software (OsiriX Foundation, Geneva, Switzerland) to 
define the nasal volume (14). The images were fixed in the Frankfurt plane was 
perpendicular to the horizontal plane by image software. Weissheimer et al (2012), 
had demonstrated that Osirix Software is validated to evaluation of upper airway 
volume. 
Thus, images would be generated, corresponding to consecutive coronal 
sections of the region of interest, with spacing of 4mm. A trained blinded observer 
conducted the evaluation process. The evaluation was repeated in 30% (minimum 
value to validate the standart error) of the sample, by the same evaluator, after a 
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minimum period of 30 days to establish the method error. The values obtained in the 
reevaluation were like those of the first measures.  
All measurements were performed on the coronal slices of CT with a thickness 
of 0.25 mm and 4mm distance between slices. To determine the volume of a nasal 
airway, the area was measured in all slices in the CT. The outline of the nasal airway 
in each slice was manually traced by means of the computer trackpad, considering 
only the free space of the nasal cavity; that is, turbinate and septum deviation were 
not included in the area calculation (Figure 1). The software tool OsiriX calculated the 
area automatically. Then for each section of the CT, the area already given, a TIFF 
image was generated. This process was made in both nasal cavities in the same 
coronal cut.  
	
Figure	1	-	Coronal	cut	area	delimitation	and	volume	reconstruction 
The nasal airway volume (NAV) measured in each computed tomography 
slice was calculated by multiplying the area and height, which was equivalent to the 
distance between the coronal slices. The OsiriX software tool calculated the area of 
the missed slices spaced by 4mm. The volume of the entire nose free airway was the 
sum of all volumes measured in each slice. NAV is the sum of volume obtained from 
both sides of the nasal cavity. The NAV obtained was like a pyramidal composed of 
the free airway space of the nose.  
 
Inclusion/Exclusion Criteria 
Patients evaluated from December 2014 to December 2015, were included, 
both genders with age between 18 and 70 years, with OSA diagnosis. 
We excluded patients with the following conditions: 
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• Morbid Obesity (BMI > 40); 
• Craniofacial abnormalities (cranio-dysostosis, craniostenosis and 
meningomyelocele); 
• Nasal obstruction due to nasal polyps; 
• Presence of any craniofacial or airway tumor; 
• Laryngeal and pharynx paralysis; 
• Previous surgery on the UA. 
Statistical Analysis  
 Data were analyzed by statistical descriptive tests and frequency of results. 
Normality Test of Kolgomorov-Smirnov was used to establish the adequate test for 
variables. For the Nasal Volume and Nose Scale correlation analysis, the Mann-
Whitney test was chosen. Chi-Square test was chosen for analysis of nominal 
variables. SAS System for Windows (Statistical Analysis System), version 9.3 
software (SAS Institute Inc, 2002-2008, Cary, NY, USA) was used for the analysis.  
RESULTS  
Ninety patients were evaluated from December 2014 to December 2015. 
Seven patients were excluded from the sample because three had tomographic 
scans with poor definition of the limits determined in the methodology and four had 
incomplete data necessary for the research protocol. Therefore, 83 patients were 
included in the study, 29 (34.9%) females and 54 (65.1%) males. The descriptive 
analysis of the main variables is below: 
Table 1 – Descriptive variables by Kolmogorov-Smirnov Test 
 BMI NOSE Scale AHI Nasal Volume 
N 83 83 83 83 
Mean 
Std. Deviation 
28.70 39.52 27.94 17.25 
4.06 19.67 27.59 4.15 
Kolmogorov-Smirnov Z 0.629 2.296 1.64 0.800 
p 0.824 0.001 0.009 0.545 
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It was observed that NOSE Scale and AHI did not have a normal distribution 
on this sample. The subjects were divided in Obese and Non-Obese groups using a 
cut-off of 30kg/m2. These groups were compared as demonstrated below: 








Non-Obese 56 37.11 18.16 - 0.033a 
Obese 27 44.52 21.99 -  
AHI 
Non-Obese 56 22.47 23.59 - 0.020a 
Obese 27 39.28 32.02 -  
Nasal Volume Non-Obese 56 16.78 3.85 - 0.177b 
 Obese 27 18.29 4.62 -  
ITHc Non-Obese 56 - - 13/56 (23%) 0.036e 
 Obese 27 - - 13/27(48%)  
NSDd 
Non-Obese 56 - - 29/56 (51%) 0.126e 
Obese 27 - - 18/27(66%)  
aMann-Whitney test. b T-Student test. cInferior Turbinate Hypertrophy. d Nasal Septum Deviation.                    
e Chi-Square Test. 
The data above demonstrated that the obese group has a significant positive 
correlation to the NOSE Scale (p=0.033) and AHI (p=0.020). There was no difference 
in Nasal Volume evaluation (p=0.177) between the groups. Crostabulation between 
Inferior Turbinate Hypertrophy (ITH) and Obesity found a significant correlation (p= 
0.036). Oddis ratio for ITH in obese group was 1.983 with 95% confidence interval of 
1.048-3.753. There was not significant difference for NSD. 
 
DISCUSSION 
Sleep apnea is an upper airway disease in which pharynx is the main affected 
site. Nasal obstruction should be considered in the analysis the balance between the 
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opening and collapsing forces. Patients with nasal obstruction are more exposed to 
the collapse of the upper airways by increasing negative pressure on the lumen of 
the pharynx(4). Studies have shown that nasal obstruction is a risk factor for OSA but 
there is not a linear association between obstruction and severity of sleep-disordered 
breathing(15). Approximately 15% of patients with sleep-disordered breathing also 
have nasal obstruction(16).  
The correlation between Nasal Obstruction and OSA is controversial. Haddad 
et al, 2013, had evaluated nasal function with nasofibroscopy, nasal inspiratory peak 
flow and acoustic rhinometry in CPAP adherence. The results demonstrated that 
majority of the nasal parameters evaluated in this study did not influence CPAP 
adherence(17).  
Obesity is an isolated risk factor for OSA and its progression(18–20). Two-
thirds of OSA patients are obese(21). The gain of 10% of baseline weight is linked to 
a six fold-increased risk of OSA(22). An increase of one standard deviation of BMI is 
associated with a 4-fold increase in AHI(23). Subjects with OSA-Obesity have a 
metabolic dysregulation as increase of levels of leptin. This alteration lead to the 
increase of appetite and the decrease of activity. Sleep Deprivation and Anxiety is 
associated with this condition. This set of factors lead to vicious circle that 
perpetuates this association(20). 
Patients with OSA-Obesity had a fat deposition in the tissues surrounding the 
upper airway increasing its collapsibility. Schwab et al, 2003, in a study using 
volumetric magnetic resonance imaging, found an increased fat deposition on the 
tongue base and on the lateral pharyngeal wall. This sites are more obstructive and 
therefore an important site of collapse of upper airway in OSA subjects(5). 
In our sample, obese subjects are linked with nasal symptoms. Inferior 
Turbinate Hypertrophy was also correlated with obesity. Obese/OSA patients have 
1.983 times greater chance of develop ITH. This correlation was not significant when 
NAV was evaluated. Subjects with BMI scores above 40kg/m2 were excluded due 
mainly to technical limitations on CT scan. Demir et al, 2015, found  similar results 
showing a significant statistical correlation between the increase of body mass and 
the increase of NOSE score, but they did not find a significant result when evaluate 
nasal function using acoustic rhinometry, but in their paper they did not evaluate 
patients with OSA(8).  
	 48	
Obesity and OSA are conditions linked to higher levels of inflammatory 
cytokines as C-reative protein, Tumor necrosis factor alpha, interleuckins (4, 13, 5, 8, 
9), Granulocyte-macrophage colony-stimulating factor in nasal tissue. OSA-Obese 
patients have more inflammatory markers in the tissue(24). Inferior Turbinate is 
contractile and subject of changes by inflammatory status of the nose. In Obese, 
alterations in the UA are most likely related to the edema resulting from respiratory 
trauma and snoring(25). Martinho et al, 2008, found similar results 65,7% of 
OSA/Obese patients have ITH (p<0,05)(25). Obesity also was pointed as a cause of 
failure of treatment of Inferior turbinate with radiofrequency(26).  
Obesity is an important condition that contributes for the daytime leg fluid 
accumulation (LFA) as heart failure and end-stage renal disease(27,28). There is a 
significant correlation between OSA and LFA. During recumbence the leg fluid is 
redistributed rostrally, approximately 260 ml of fluid was redistributed from the legs 
and was associated with a 1 cm increase in neck circumference, indicating neck fluid 
accumulation(29). These studies suggest that alterations in upper airway mucosa 
could directly affect inferior turbinate in OSA/obese patients by more fluid 
redistribution and more chronic inflammation in nasal mucosa. 
The main treatments of OSA in obese patients is CPAP therapy and Bariatric 
Surgery(30). The AHI Increases as Weight Increases(31). OSA is common in 
patients undergoing gastric bypass surgery.  Bariatric Surgery can reduce BMI and 
decrease fat pads surrounding pharynx. Buchwald et al, 2004, showed in meta-
analysis that OSA was resolved in 85.7% of patients in patients submitted to Bariatric 
Surgery(32). 
Nasal surgery nonetheless appears to reliable augment CPAP compliance 
when nasal patency is the limiting issue(33). In evaluation of OSA in obese patients it 
is important not only look for alterations on the pharynx. The Obese/OSA patients 
have more nasal symptoms. Our results demonstrated the importance of full 
evaluation of OSA patients. Nasal obstruction treatments cannot improve AHI but 
nasal steroids and nasal surgery can improve sleepiness and quality of life(34). The 
nasal examination is fundamental to appropriate CPAP adherence mainly in obese-
OSA patients that, in our sample, have 1.983 times more risk of nasal obstruction 
due to ITH.  
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In conclusion, Obesity has a correlation with subjective nasal obstruction 
(NOSE Scale) and Inferior Turbinate Hypertrophy in patients with OSA. There is no 
correlation with Nasal Volume evaluation. The nose evaluation is important in OSA 
patients to create a proper treatment plan.  
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A Apneia Obstrutiva do Sono (AOS) é uma doença crônica e desafiadora, 
principalmente para os cirurgiões que lidam com a Via Aérea Superior (VAS). 
Apresenta diversos modelos fisiopatológicos que culminam no evento chave desta 
doença, o colapso da faringe. O tratamento cirúrgico e a perda de peso são os 
principais tratamentos disponíveis com potencial curativo. Sabe-se que as 
modalidades terapêuticas supracitadas não são efetivas para todos os pacientes. 
Para haver sucesso, os pacientes devem ter toda a VAS avaliada, estática e 
dinamicamente. (27). A avaliação deve incluir exame endoscópico e exames de 
imagem, pois que estes são úteis para avaliar as alterações extra luminais da VAS. 
Na avaliação dinâmica, o exame mais representativo é a sonoendoscopia, capaz de 
avaliar o comportamento dinâmico da faringe durante o sono e correlacioná-lo com 
dados endoscópicos nasais e polissonográficos (28).  
Estudos têm demonstrado que a obstrução nasal é um fator de risco para 
AOS, e que não há uma associação linear entre a obstrução e gravidade dos 
distúrbios respiratórios do sono (29). Aproximadamente 15% dos pacientes com 
distúrbios respiratórios do sono também têm obstrução nasal (30).  Congestão nasal 
contribui para a patogênese da apneia obstrutiva do sono (12). Tratamentos que 
melhoram a eficiência nasal podem aumentar a qualidade de vida e aperfeiçoar o 
tratamento com CPAP em pacientes com AOS com sintomas nasais (31). 
Tratamentos com corticosteroides nasais melhoram a sonolência diurna e a 
qualidade de vida, mas não são efetivos na redução do Índice de Apneia e 
Hipopneia (IAH) (32). 
O método mais utilizado, na literatura, para avaliar o volume nasal é a 
rinometria acústica. Trata-se de um método que avalia ondas acústicas, possuindo 
boa correlação com a sensação de patência nasal (33). Porém, é um exame 
realizado, normalmente na prática clínica, com o paciente na posição sentada. Sabe-
se que a posição do paciente pode influenciar no volume nasal. Na posição supina 
há uma redistribuição dos líquidos corporais, com a migração destes dos membros 
inferiores para a cabeça (34). Camacho et al., 2014, ao utilizarem Tomografia 
Volumétrica de Feixe Cônico, encontraram uma redução 32,6% do volume nasal e 




a posição de supino (35). Nesta série de artigos, utilizou-se a Tomografia Helicoidal 
adquirida com o paciente na posição de supino, que é a posição adotada, 
normalmente, durante o sono. 
O método utilizado para avaliar o volume livre da cavidade nasal foi a 
reconstrução da pirâmide nasal em cortes coronais de 0,25mm de espessura, com 
intervalos de 4mm. Os cortes foram alinhados e multiplicados pela profundidade da 
cavidade nasal, obtendo, assim, o volume livre da cavidade nasal (VLCN) (36). 
Trata-se de um método preciso, porém laborioso, e é utilizado para verificar o 
tamanho de tumores e enxertos em radiologia. Anota-se que este método não havia 
sido utilizado antes para calcular o volume da cavidade nasal (37).  
Na avaliação da correlação entre VLCN e Apneia Obstrutiva do Sono, 
baseada no IAH, não foi encontrado resultado estatisticamente significativo. A 
hipertrofia de Corneto Inferior (HCI) e o Desvio do Septo Nasal (DSN) são os 
achados nasais endoscópicos obstrutivos mais comumente observados. Tais 
alterações foram mais importantes do que o VLCN na avaliação dos pacientes com 
AOS. Para cálculo do VLCN, é considerada a cavidade nasal inteira, incluindo o 
segmento após um ponto de obstrução máxima. Em uma cavidade com desvio 
obstrutivo na transição condro-vomeriana, por exemplo, a aferição do VLCN 
considera o espaço após o sítio obstrutivo. Após este ponto, há um ganho no fluxo 
de ar, através do efeito Bernoulli, que diminui a pressão intra-luminal nos segmentos 
caudais da via aérea superior, o que pode levar a um colapso da via aérea superior 
na faringe (11). 
Um sítio de obstrução nas vias aéreas nasais é, segundo os dados 
apresentados, mais significativo do que um volume nasal baixo para a fisiopatologia 
da AOS. Resultados semelhantes foram encontrados por Banabilh et al. (2010), 
quando utilizaram rinometria acústica. Eles demonstraram que a área de secção 
transversal mínima no nariz tinha uma relação significativa com AOS, enquanto que 
a relação entre o volume total nasal e AOS não foi significativa (38). Aguiar Vidigal et 
al. (2013) avaliaram 67 pacientes através de endoscopia nasal e rinometria acústica 
e encontraram resultados semelhantes. Este resultado demonstra não haver relação 
entre o IAH e o VLCN. Demonstraram, também, relação significativa entre AOS e 




nasal, foram associadas à presença de AOS (39). Ao avaliar a relação do fluxo 
aéreo nasal e as dimensões da cavidade nasal, Kjaergaard et al. (2009) confirmaram 
que a alteração estrutural que mais influencia o fluxo nasal é a área transversal 
mínima (40).  
A relação entre obesidade e a AOS é sólida e muito difundida na literatura 
(23,41,42). Pacientes com AOS tendem a acumular gordura na região cervical e 
tecido faríngeo adjacente, o que aumenta a Pressão Tecidual, e contribui para o 
colapso desta região (6,7). Os músculos das vias aéreas superiores destes 
pacientes têm uma miopatia primária, o que a torna mais suscetível ao colapso, 
devido ao acúmulo de músculo de fibras mais fatigáveis do tipo II (7). 
A função nasal e a obesidade são elementos que influenciam a fisiopatogenia 
da AOS. A avaliação destes pacientes deve ser global, pois a AOS é uma doença 
crônica multifatorial e, portanto, é fundamental entender a correlação entre os 
diversos fatores. Em ambos os trabalhos, houve uma relação positiva entre AOS e a 
obesidade, o que corrobora com os resultados da literatura. Tanto na avaliação 
qualitativa, valendo-se do ponto de corte de 30kg/m2, quanto na quantitativa, 
utilizando o IMC como variável contínua, não se encontra, porém, relação 
significativa entre a obesidade e o VLCN.  
É importante observar que, em ambos os artigos apresentados, a AOS se 
correlaciona significativamente com a obesidade e com os achados endoscópicos 
nasais obstrutivos, especialmente com a HCI. Existe, portanto, a necessidade de se 
avaliar como essas duas variáveis significativas se correlacionam. Mesmo não 
avaliando os pacientes com IMC> 40kg/m2, devido a dificuldades técnica na 
obtenção da tomografia helicoidal, observou-se que pacientes obesos têm maior 
nota para obstrução nasal subjetiva, quando avaliados pela escala NOSE e uma 
incidência maior de HCI que os pacientes não-obesos, com quase duas vezes mais 
chance de HCI. Demir et al. (2015) encontraram resultados semelhantes, que 
mostram correlação estatística positiva e significante entre IMC e o escala NOSE, e 
não encontraram resultado significativo quando avaliaram a função nasal usando 





A obesidade altera sobremaneira a função da via aérea superior, sendo a 
principal força extrínseca a promover o colapso da faringe. Diversos estudos 
demonstraram a sua influência sobre o comportamento estático e dinâmico da 
faringe. Schwab et al. (2003) realizaram um estudo com o uso da ressonância 
magnética volumétrica. Encontraram um aumento da deposição de gordura na base 
da língua e na parede lateral da faringe (24). O aumento da atividade inflamatória 
ocorre tanto na obesidade quanto na AOS, representado pelo aumento do nível de 
proteína C-Reativa (43). Poucos estudos avaliaram a inter-relação entre a obesidade 
e a função nasal. Os pacientes obesos apresentam alterações da via aérea superior 
devido ao edema da mucosa causado pelo trauma respiratório e vibração (44). 
Martinho et al. (2008) encontraram resultados similares aos apresentados, ao 
comprovarem que 65,7% dos pacientes obesos portadores de AOS têm HCI 
(p<0,05) (44). A obesidade é ligada ao aumento de acúmulo liquido nos membros 
inferiores durante o dia, o que  causa, portanto, um aumento da quantidade de 
líquido redistribuída dos membros inferiores para a região de cabeça e pescoço (45). 
O Corneto Inferior, por ser um tecido contrátil, é influenciado por esse acúmulo 
adicional de líquidos, fato que leva a edema e aumento da resistência nasal (46).  
Pacientes com AOS, geralmente, apresentam obstrução da VAS em mais de 
um sítio da via aérea superior (47). A via aérea deve ser avaliada como uma 
estrutura contínua e dinâmica. Nesse contexto, é de fundamental importância a 
avaliação da cavidade nasal, pois seu estado funcional influencia, definitivamente, o 
comportamento da via aérea superior. É um hábito focar a avaliação na faringe e se 
esquecer de que a configuração estática e dinâmica da faringe é influenciada pela 
função nasal do paciente ao longo do tempo, ou seja, a faringe é cronicamente 
afetada. Pacientes com obstrução nasal apresentam a musculatura da faringe mais 
flácida (15). Se si tentar corrigir cirurgicamente essa flacidez sem avaliar a cavidade 
nasal, provavelmente, falhar-se-á. Ao mesmo tempo, vale registrar que uma 
respiração nasal deficiente pode promover alterações do esqueleto facial durante o 
crescimento e desenvolvimento (48). A via aérea funciona fisiologicamente em 
conjunto e não separadamente. O fluxo aéreo passa pelo nariz e depois pela faringe, 
sendo que as alterações que o fluxo sofre no nariz, certamente, influenciarão no 
comportamento da faringe. O tratamento cirúrgico tem maior oportunidade de 




Nos trabalhos apresentados, essa relação se apresenta como um importante 
motivo para avaliar, globalmente, o paciente, o que facilita o entendimento de como 
ambos os fatores podem influenciar no desenvolvimento da AOS ao longo do tempo.  
O principal tratamento para um paciente obeso com AOS é o uso do CPAP 
nasal associado ao tratamento da obesidade, seja este cirúrgico ou não (49). Para o 
sucesso desse tratamento, deve-se avaliar a cavidade nasal. O tratamento da 
respiração nasal deficiente pode melhorar a aderência ao CPAP e evita AOS 
residual após o tratamento da obesidade (50). Urge atentar-se para o fato de que as 
alterações da VAS são interligadas e interdependentes.  
Algumas considerações precisam ser feitas. O VLCN foi obtido por meio de 
Tomografia Helicoidal, com imagens adquiridas na posição decúbito dorsal, com 
avaliação do volume nasal na posição de máxima obstrução nasal e na posição 
natural do sono. (35). O exame é feito, geralmente, em sala refrigerada, que pode 
influenciar no estado da patência nasal. O exame, entretanto, é de rápida duração, 
cerca de 5 minutos, diminuindo tais efeitos. O tempo de duração do exame não 
permite a influência da redistribuição de líquidos sobre o corneto nasal, pois esse 
processo dura de 30 a 60 minutos (51). O Ciclo Nasal, alternância entre a congestão 
e a descongestão do nariz de forma alternada entre as narinas, poderia também 
influenciar as medidas da tomografia. Esse erro, porém, foi evitado, pois o VLCN 
considerou o volume de ambas as cavidades nasais. O fluxo nasal não altera 
significativamente a resistência nasal combinada das duas cavidades nasais (52).  
Pacientes obesos apresentam diversas comorbidades e, geralmente, são 
usuários de vários medicamentos. Existem fármacos que induzem rinite 
medicamentosa que poderiam influenciar na patência nasal, tais como: reserpina, 
guatinidina, fentolamina, metildopa, inibidores da ECA, prazosina e beta-
bloqueadores (53). O uso dessas medicações poderia diminuir o VLCN. Como não 
houve correlação negativa significativa entre o VLCN e a obesidade, acredita-se que 
essas medicações não influenciaram o resultado do estudo. 
 A avaliação das propriedades do nariz é fundamental na AOS, pois é o início 
da via aérea superior e contribui para a sua fisiopatogenia. A grau de influência da 
função nasal varia consideravelmente de um paciente para outro, fato este que torna 




através dos estudos dessa tese que pontos de obstrução nasal são importantes pois 
alteram o fluxo aéreo nasal, o estudo do fluxo nasal por setores nos parece ser um 
bom método para entender melhor a posição da cavidade nasal nesse contexto. Em 
pacientes obesos, que representam um modelo de estresse oxidativo intenso, existe 
um acúmulo de citocinas inflamatórias e edema na via aérea superior, 
especialmente no corneto inferior. A interferência dessa inflamação no fluxo aéreo 
se apresenta como uma nova área de grande interesse para a pesquisa cientifica 
futura. A presente tese, portanto, pode nos ajudar no pensamento fisiopatológico e 























Por meio da metodologia e amostra utilizadas pode-se concluir que: 
 
• A Obstrução Nasal não interferiu significativamente na variação do 
Volume Livre da Cavidade Nasal em pacientes com AOS. Os achados 
endoscópicos nasais obstrutivos, Desvio de Septo Nasal e Hipertrofia 
do Corneto Inferior, foram significativamente correlacionados com a 
gravidade da AOS.  
 
• A obesidade apresentou correlação com obstrução nasal subjetiva 
(Escala NOSE) e o achado endoscópico de Hipertrofia de Corneto 
Inferior. Não houve correlação com o Volume Nasal. Em função disto, 
é importante uma avaliação precisa do nariz em pacientes obesos, 
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Avaliação da Obstrução e  das Alterações Volumétricas da Cavidade Nasal em
Pacientes Portadores de Distúrbios Respiratórios do Sono.
Valfrido Antonio Pereira Filho




DADOS DO PROJETO DE PESQUISA
Número do Parecer: 1.456.353
DADOS DO PARECER
Trata-se de um estudo do tipo caso-controle, observacional, transversal, retrospectivo, que avaliará
alterações volumétricas da cavidade nasal, em pacientes portadores de Apnéia Obstrutiva do Sono (AOS),
por meio da revisão de prontuários clínicos.
Os achados deste estudo poderão evidenciar se há diferenças significativa entre pacientes com e sem
Apneia do Sono com relação ao volume da cavidade nasal e, desta forma, permitir o direcionamento
adequado do tratamento destes pacientes.
Apresentação do Projeto:
A pesquisa tem como objetivo avaliar as alterações volumétricas da cavidade nasal, bem como sua
patência, em pacientes portadores de diferentes distúrbios respiratórios do sono.
Objetivo da Pesquisa:
Riscos: Trata-se de uma pesquisa de risco mínimo pois serão realizadas estudo de prontuários. Não haverá
intervenções. Todos os dados necessários para a pesquisa serão coletados de dados já existentes nos
prontuários dos pacientes. O principal risco para os pacientes é o possível desconforto psicológico e moral
por ser alvo de pesquisa. Os riscos serão minimizados pela sensação de bem estar promovida por essa
importante colaboração com a ciência. Como principal
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Abstract. Obstructive sleep apnoea (OSA) results from the recurrent collapse of the
upper airway during sleep. Nasal abnormalities influence the stability of the
pharynx. The aim of this study was to evaluate the volumetric and anatomical
changes of the nasal cavity in patients with OSA. The Nasal Obstruction Symptom
Evaluation (NOSE) scale was used to grade nasal obstruction. Sleep-related
breathing disorders were evaluated by polysomnography. The nasal airway volume
was obtained from computed tomography scans through volumetric reconstruction
of the nasal airway. Alterations to the nasal anatomy were identified by nasal fibre-
optic endoscopy. Ninety-four patient charts were analyzed. The final sample
comprised 32 patients with severe OSA, 16 with moderate OSA, 23 with mild OSA,
and 20 without OSA. Three groups were established based on nasal obstruction and
OSA. The groups were compared for nasal airway volume (P = 0.464) and body
mass index (P = 0.001). The presence of nasal septum deviation and inferior
turbinate hypertrophy were related to the NOSE score (P = 0.05 for both), apnoea–
hypopnoea index (P = 0.03 and P = 0.05, respectively), and nasal airway volume
(P = 0.71 and P = 0.78, respectively). In this nasal airway evaluation of OSA
patients, the presence of sites of obstruction was correlated with the severity of
OSA; this was not the case for the evaluation of the nasal airway volume
dimensions.
Key words: nasal airway volume; obstructive
sleep apnoea; nasal endoscopy.
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Obstructive sleep apnoea (OSA) is a dis-
ease that has been increasingly recognized
and diagnosed in recent years. Accurate
diagnosis and appropriate treatment are
key to the management of this illness,
which has socioeconomic repercussions
and complications, including an increased
incidence of cardiovascular morbidity.
The increasing prevalence of overweight
in the Western population has been asso-
ciated with a greater risk of developing
OSA and snoring1,2.
The American Academy of Sleep Med-
icine has defined OSA as a recurrent col-
lapse of the upper airway during sleep,
resulting in a total (apnoea) or partial
(hypopnoea) reduction in airflow. Primary
snoring is a low frequency snore caused by
Int. J. Oral Maxillofac. Surg. 2017; 46: 1284–1290
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soft palate and uvula vibrations during
sleep3.
A large epidemiological study in the
USA involving 5201 adult patients,
showed that 19% of women and 33% of
men over the age of 65 years snore4.
Another study demonstrated that approxi-
mately 18% of men and 7% of women
have snoring problems5. An epidemiolog-
ical study conducted in Sao Paulo, Brazil
reported a prevalence of OSA of 32.8% in
the adult population6.
Risk factors for OSA and snoring in-
clude age between 40 and 65 years, male
sex, obesity, smoking, alcoholism, and a
sedentary lifestyle7. The main physical
examination findings associated with
OSA include increased neck circumfer-
ence, oropharyngeal obstruction, web pal-
ate, nasal obstruction, turbinate
hypertrophy, septal deformity, nasal cavi-
ty tumours, enlarged tonsils, macroglos-
sia, and retrognathia. Anatomical findings
such as vibration factors and a collapsed
upper airway have been described in stud-
ies that have used cephalometry, comput-
ed tomography (CT), magnetic resonance
imaging, and nasal fibre-optic endoscopy8.
Symptoms may vary among patients,
depending on the severity of disease.
The most frequent are snoring and exces-
sive daytime sleepiness. Witnessed noc-
turnal apnoea episodes, choking during
sleep, non-restorative sleep, fragmented
sleep, enuresis, morning headaches, cog-
nitive decline, memory loss, reduced libi-
do, and irritability are also observed with
the development of OSA9.
The role of the nose in the pathophysi-
ology of OSA remains uncertain. This is
an upper airway disease, in which the main
site of obstruction is in the oropharynx.
The nose itself may not collapse, but nasal
abnormalities influence the stability of the
pharynx. Increased nasal resistance limits
the airflow, which can decrease intralum-
inal pressure in the cranial segments of the
upper airway10. Thus the upper airway
may resemble a Starling resistor, wherein
the upper airway is characterized as a
hollow tube, with the nose representing
partial obstruction at the inlet and the
pharynx representing a collapsible down-
stream segment11.
Most studies on nose function have
been conducted by means of rhinomano-
metry and acoustic rhinometry evaluations
and have shown a diminished nasal vol-
ume in OSA patients12,13. A few studies
have used CT, but no study has evaluated
nasal airway volume by means of CT
scans.
The aim of this study was to evaluate the
volumetric changes of the nasal cavity in
patients with OSA and nasal obstruction.
Methods
This study was conducted in compliance
with the rules laid down by the Declara-
tion of Helsinki and was approved by
the Ethics in Research Committee of
Araraquara Dental School – UNESP.
This article describes a cross-sectional
study conducted by reviewing the medical
records of adult patients attending the Oral
and Maxillofacial Surgery Clinic, Dental
School at Araraquara (UNESP) and the
Otorhinolaryngology Clinic, Araraquara
University (UNIARA). Patients were
evaluated at a specific sleep outpatient
clinic.
The following information was
obtained from the medical records: dental
physical examination, classification
of facial morphology, otorhinolaryngolo-
gy (ENT) examination, upper airway en-
doscopy, anthropometric variables, body
mass index (BMI), baseline polysomno-
graphy, and CT scans to define the nasal
cavity volume.
Evaluation of nasal obstruction
The Nasal Obstruction Symptom Evalua-
tion (NOSE) scale was used to grade nasal
obstruction. The scale consists of five
questions, each with a score range of 0
to 4. The scores are added together and
multiplied by 5. Thus, the NOSE scale
score ranges from 0 to 100. In this study,
individuals whose NOSE scale score
exceeded 60 points were considered to
have nasal obstruction14 (Fig. 1).
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Evaluation of sleep-related breathing
disorders
Polysomnography examinations were per-
formed at the Araraquara Sleep Institute.
Sleep was assessed during an average
period of 6 h. The parameters evaluated
during sleep were electroencephalography
(EEC), electrooculography (EOG), elec-
tromyography (EMG), electrocardiogra-
phy (ECG), airflow (nasal and oral),
respiratory effort (thoracic and abdominal),
other body movements (by means of EMG),
blood gases (oxygen saturation, carbon di-
oxide concentration), and body tempera-
ture. The technique used was that defined
by the Rules for Scoring Respiratory Events
in Sleep of the American Academy of Sleep
Medicine (2012 manual).
A medical specialist in sleep calculated
each patient’s apnoea–hypopnoea index
(AHI), which was the sum of the apnoea
and hypopnoea events divided by the num-
ber of hours of sleep. This index was used
to classify the severity of OSA as follows:
no OSA (AHI <5 events/h), mild OSA
(AHI 5–15 events/h), moderate OSA (AHI
15–30 events/h), and severe OSA (AHI
>30 events/h).
Evaluation of nasal airway volume
CT images were obtained with the patient
placed in the supine position, with the
head fixed so that the Frankfort plane
was perpendicular to the floor. All subjects
were instructed to inhale and to hold their
breath during image acquisition, exhaling
immediately afterwards.
The sections were obtained in the coro-
nal plane, from the anterior nasal spine to
the posterior limit of the nasopharynx. All
images were stored on a DVD for later
analysis using specific software. The
three-dimensional images of the CT scans
were imported and reconstructed using
OsiriX v.7.0 32-bit software (OsiriX
Foundation, Geneva, Switzerland) to de-
fine the nasal volume15. Thus, images
were generated corresponding to consecu-
tive coronal sections of the region of
interest, with spacing of 4 mm.
A trained and blinded observer con-
ducted the evaluation process. The evalu-
ation was repeated for 30% of the sample,
by the same evaluator, after a minimum
period of 30 days, in order to establish the
method error. The values obtained in the
re-evaluation were similar to those ini-
tially measured.
All measurements were performed on
coronal CT slices with a thickness of
0.25 mm and 4 mm distance between
slices. To determine the volume of the
nasal airway, the area was measured in
all CT slices. The outline of the nasal
airway was manually traced in each slice
by means of the computer trackpad, con-
sidering only the free space of the nasal
cavity, i.e. turbinate and septum deviation
were not included in the area calculation
(Fig. 2). The software tool OsiriX calcu-
lated the area automatically. A TIFF im-
age was then generated for each section of
the CT for which the area was calculated.
The nasal airway volume for each CT
slice was calculated by multiplying the
area and height, which was equivalent to
the distance between the coronal slices
(Fig. 3). The OsiriX software tool calcu-
lated the area of the missed slices spaced
by 4 mm. The volume of the entire free
airway of the nose was the sum of all
volumes measured in each slice. The nasal
airway volume obtained was similar to a
pyramid composed of the free airway
space of the nose.
Grading of endoscopic findings
Nasal endoscopy was performed for all
subjects included in the study. This was
done with a flexible fiberscope without the
use of vasoconstrictor medication. Nasal
septum deviation (NSD) was identified
when the septum blocked the fiberscope
path and/or there was a contact with the
lateral wall of the nose. Inferior turbinate
hypertrophy (ITH) was identified when
the turbinate blocked the fiberscope path.
Patients of both sexes, aged between
18 and 70 years, and evaluated between
1286 Rodrigues et al.






December 2014 and December 2015, were
included. Patients with the following con-
ditions were excluded: morbid obesity
(BMI >40 kg/m2), craniofacial abnormal-
ities (craniodysostosis, craniostenosis, and
meningomyelocele), nasal obstruction due
to nasal polyps, presence of any craniofa-
cial or airway tumour, laryngeal and pha-
ryngeal paralysis, and previous surgery to
the upper airway.
Group allocation
In an attempt to evaluate the effect of OSA
and nasal obstruction on nasal airway
volume, the individuals in this sample
were divided into three groups: (1) group
I (control) comprised subjects without
OSA (AHI <5 events/h) and without nasal
obstruction (NOSE <60 points); (2) group
II comprised subjects with OSA (AHI !5
events/h) and without nasal obstruction
(NOSE <60 points); (3) group III com-
prised subjects with OSA (AHI !5 events/
h) and with nasal obstruction (NOSE !60
points). These are the three possibilities in
the evaluation of the nasal function of
subjects with OSA and nasal obstruction
symptoms for comparison with a control
group.
Results
Ninety-four subjects were evaluated be-
tween December 2014 and December
2015. Three patients were excluded from
the sample because their CT scans showed
poor definition of the limits determined
in the methodology, or because the data
necessary for the research protocol were
incomplete. Therefore, 91 patients were
included in the study; 33 (34.5%) were
female and 58 (65.5%) were male.
The demographic variables are given in
Table 1. The distribution of the patients
according to the OSA classification is
given in Table 2.
The sample was divided into the fol-
lowing groups based on nasal obstruction
and OSA: group I (no OSA, no nasal
obstruction) comprised 20 subjects, group
II (OSA, but no nasal obstruction) com-
prised 46 subjects, and group III (OSA and
nasal obstruction) comprised 25 subjects.
The study variables were compared
between the groups (Table 3). As the
variables showed a normal distribution
(Table 1), the analysis of variance
(ANOVA) test was used.
The groups did not differ significantly
with regard to age, nasal airway volume,
or sex. However, a statistically significant
difference in BMI was observed between
the groups (Table 3). In a post-hoc analy-
sis using the Tukey test, a difference in
BMI was observed between group I and
group II (P = 0.001), and between group I
and group III (P = 0.01). The nasal airway
volume data for the three groups are
shown in Fig. 4.
The AHI, NOSE scale score, and nasal
airway volume were evaluated in relation
to the two main nasal endoscopic anatom-
ical variations: NSD and ITH. The results
are given in Tables 4 and 5. The NOSE
scale score and AHI data did not show a
normal distribution, therefore the Mann–
Whitney test was used for comparisons.
The nasal airway volume data showed a
normal distribution and the Student t-test
was used for comparisons. The nasal air-
way volume showed no significant rela-
tionship with NSD (P = 0.71) or ITH
(P = 0.78). There was a borderline signifi-
cant relationship between the NOSE scale
Nasal airway evaluation in OSA patients 1287








OSA, obstructive sleep apnoea.
Table 1. Descriptive statistics.
Min Max Mean SD Normality testa
Age (years) 19.00 76.00 41.07 12.65 0.206
BMI (kg/m2) 20.80 38.40 29.31 4.05 0.861
NOSE score 10 90 39.92 19.52 0.001
Nasal airway volume (cm3) 8.79 28.06 17.24 4.25 0.676
AHI 0.4 119.8 29.13 28.32 0.046
AHI, apnoea–hypopnoea index; BMI, body mass index; NOSE, Nasal Obstruction Symptom
Evaluation scale; SD, standard deviation.
a Kolmogorov–Smirnov test.<






score and NSD/ITH data (P = 0.05 for
both). In the evaluation of the AHI, a
marginal relationship with the NSD/ITH
data was found (P = 0.03 and P = 0.05,
respectively). These relationships are il-
lustrated in Fig. 5.
Discussion
OSA is a dynamic disease that develops
during sleep, involving total or partial
upper airway obstruction, on one or more
levels. Patients may have one or more sites
of obstruction located in the nasal cavity,
oropharynx, at the base of the tongue, and/
or in the hypopharynx16.
Alterations in the upper airway are the
main pathophysiology of OSA, and al-
though the collapse occurs in the pharynx,
changes at any point in the upper airway
can affect the stability of the pharynx.
Approximately 50% of OSA patients have
symptoms of nasal blockage and/or ob-
struction17. The role played by the nose in
the pathogenesis of OSA remains unclear.
Nasal congestion contributes to the path-
ogenesis of OSA11. Nasal treatments in-
crease the quality of life and compliance
with treatment of some patients with nasal
symptoms and OSA. Assuming that the
upper airway is a dynamic unit, nasal
interventions play a role in the optimiza-
tion of treatment for snoring and OSA at
present18.
In this study, the nasal airway was
evaluated subjectively through an analysis
of the NOSE scale. Objective analyses
included the nasal airway volume and
anatomical alterations seen on endoscopy
such NSD and ITH.
Only a few studies have obtained
nasal airway volume values using CT
scans. Most studies have used acoustic
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Table 3. Comparison of variables between the study groups.a
Mean SD Percentage P-value
Age (years) 0.192b
Group I 40.15 16.59 –
Group II 43.71 12.37 –
Group III 37.83 11.34 –
BMI 0.0001b
Group I 25.51 2.50 –
Group II 29.54 4.25 –
Group III 29.76 3.26 –
Nasal airway volume 0.464b
Group I 16.34 3.76 –
Group II 17.73 4.47 –
Group III 17.06 4.25 –
Males 0.142c
Group I 9/20 (45%)
Group II 32/46 (70%)
Group III 17/25 (68%)
ANOVA, analysis of variance; BMI, body mass index; OSA, obstructive sleep apnoea; SD,
standard deviation.
a Group I, patients without OSA and without nasal obstruction; group II, patients with OSA
and without nasal obstruction; group III, patients with OSA and with nasal obstruction.
bANOVA test.
cx2 test.
Fig. 4. Box plot of nasal airway volume in the three study groups (group 1, patients without OSA and without nasal obstruction; group 2, patients






rhinometry and/or nasal inspiratory peak
flow to evaluate the nasal airway volume,
for which the data are usually acquired
with the patient in an upright position. In
this study, CT scans were obtained in the
supine position, a favourable position for
evaluating patients with OSA, because
this disease usually manifests when the
patient is lying down in bed. Camacho
et al. used cone beam computed tomogra-
phy in their study and demonstrated
that the airway of OSA patients was
significantly smaller when the patients
were in a supine position than when they
were in an upright position19.
No significant difference in nasal air-
way volume was found between the study
groups. Nasal airway volume scores were
relatively similar across the groups. The
nasal airway volume was slightly higher in
group II (subjects with OSA and without
nasal obstruction) than in the other
groups, but not at a statistically significant
level. The presence of OSA and nasal
obstruction had no influence on the nasal
airway volume values. The nasal airway
volume is a variable that evaluates the
total free airway space, but it does not
evaluate the airflow in the nose. For ex-
ample, in a patient with a blocked nasal
septum deviation, the nasal airway volume
will include the volume after the airway
blockage, i.e., a site with compromised
airflow. In similar studies by de Aguiar
Vidigal et al. and Banabilh et al., who used
acoustic rhinometry, no significant rela-
tionship between OSA and nasal airway
volume was found20,21. However, these
studies did not consider a group with nasal
obstruction in their analyses.
Table 3 shows that there was a signifi-
cant difference in BMI between the study
groups. In the literature, BMI has been
shown to have a solid connection with
OSA4,6. In the present study sample,
patients with OSA (groups II and III)
had an increased BMI in comparison to
those in the control group (group I), but
this relationship was not influenced by
nasal obstruction – BMI was similar in
group II and group III. Demir et al. ob-
served a statistically significant positive
correlation between BMI and an increase
in NOSE scale scores; however, the diag-
nosis of OSA was not considered in their
study sample22. Obesity is probably more
important than the subject’s nasal symp-
toms in the evaluation of OSA.
When analysing the nasal endoscopic
findings, NSD and ITH showed no rela-
tionship with the nasal airway volume;
subjects with these findings had similar
nasal airway volume values (Tables 4 and
5). Nasal airway volume is a variable that
evaluates all free airway space in the nose,
whereas NSD and ITH affect the nasal
cavity at localized sites. Nasal airway
volume includes the free airway behind
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Fig. 5. Relationships between the apnoea–hypopnoea index (AHI) and nasal septum deviation, and between the AHI and inferior turbinate
hypertrophy.
Table 5. Comparison of the study variables according to the presence of inferior turbinate
hypertrophy.
ITH Mean SD P-value
NOSE score Yes 45.33 21.69 0.05a
No 37.28 18.05
AHI Yes 33.93 31.42 0.05a
No 23.10 24.65
Nasal airway volume Yes 17.09 5.08 0.78b
No 17.36 3.98
AHI, apnoea–hypopnoea index; ITH, inferior turbinate hypertrophy; NOSE, Nasal Obstruction
Symptom Evaluation scale; SD, standard deviation.
aMann–Whitney test.
b Student t-test.
Table 4. Comparison of the study variables according to the presence of septum deviation.
Septum deviation Mean SD P-value
NOSE score Yes 43.02 21.73 0.05a
No 35.45 15.26
AHI Yes 31.71 29.18 0.03a
No 19.46 22.87
Nasal airway volume Yes 17.13 4.52 0.71b
No 17.47 4.08








an NSD site, or above the ITH, i.e., free
spaces in the nose with low airflow due to
cranially obstructed sites. For the NOSE
scale score and AHI, a significant and
positive association was found with NSD/
ITH. Sites of obstruction in the nasal cavity
had an influence on the nasal symptoms and
severity of OSA. de Aguiar Vidigal et al.
found similar results in relation to ITH, but
not in relation to NSD. Nasal alterations as
measured by nasal endoscopy were associ-
ated with the presence of OSA20. Abnormal
nasal anatomical findings are considered in
the evaluation of OSA, and when these
alterations are found, they must be treated
for a better approach to OSA. Moxness and
Nordgård, in an observational cohort study,
observed that the effect of nasal surgery on
OSA seemed to be greater when combined
with surgery to the inferior turbinates and
the nasal septum, as compared to septo-
plasty alone23.
In this sample, it was demonstrated that
endoscopic nasal findings (NSD/ITH) were
more important than nasal airway volume
when evaluating OSA patients. In the cal-
culation of nasal airway volume, the entire
nasal cavity was considered, including the
segment after a possible point of maximum
obstruction. After this point, there is a gain
in airflow that decreases the intraluminal
pressure in the caudal segments of the upper
airway, leading to a collapse of the upper
airway in the pharynx10.
A site of obstruction in the nasal airway
may be more significant than a low nasal
volume in the pathophysiology of OSA.
Similar results were found by Banabilh
et al. using acoustic rhinometry. They
demonstrated that the area of minimal
cross-section in the nose had a significant
relationship with OSA, whereas the rela-
tionship between the total nasal volume
and OSA was not significant21.
In conclusion, in the nasal evaluation of
OSA patients, the presence of sites of
obstruction, such as nasal septum devia-
tion and inferior turbinate hypertrophy,
was found to be significantly correlated
with the severity of OSA, and this was not
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Lundbäck B. Gender differences in symp-
toms related to sleep apnea in a general
population and in relation to referral to sleep
clinic. Chest 2003;124:204–11.
6. Tufik S, Santos-Silva R, Taddei JA, Bitten-
court LR. Obstructive sleep apnea syndrome
in the Sao Paulo Epidemiologic Sleep Study.
Sleep Med 2010;11:441–6.
7. Partinen M, Telakivi T. Epidemiology of
obstructive sleep apnea syndrome. Sleep
1992;15(6 Suppl):S1–4.
8. Chervin RD, Guilleminault C. Obstructive
sleep apnea and related disorders. Neurol
Clin 1996;14:583–609.
9. Epstein LJ, Kristo D, Strollo Jr PJ, Friedman
N, Malhotra A, Patil SP, Ramar K, Rogers R,
Schwab RJ, Weaver EM, Weinstein MD,
et al. Clinical guideline for the evaluation,
management and long-term care of obstruc-
tive sleep apnea in adults. J Clin Sleep Med
2009;5:263–76.
10. Schwartz AR, Smith PL, Wise RA, Gold AR,
Permutt S. Induction of upper airway occlu-
sion in sleeping individuals with subatmo-
spheric nasal pressure. J Appl Physiol (1985)
1988;64:535–42.
11. Kohler M, Bloch KE, Stradling JR. The role
of the nose in the pathogenesis of obstructive
sleep apnea. Curr Opin Otolaryngol Head
Neck Surg 2009;17:33–7.
12. Houser SM, Mamikoglu B, Aquino BF, Moi-
nuddin R, Corey JP. Acoustic rhinometry
findings in patients with mild sleep apnea.
Otolaryngol Head Neck Surg 2002;126:475–
80.
13. Lofaso F, Coste A, d’Ortho MP, Zerah-Lanc-
ner F, Delclaux C, Goldenberg F, Harf A,
et al. Nasal obstruction as a risk factor for
sleep apnoea syndrome. Eur Respir J 2000;
16:639–43.
14. Stewart MG, Witsell DL, Smith TL, Weaver
EM, Yueh B, Hannley MT. Development and
validation of the Nasal Obstruction Symp-
tom Evaluation (NOSE) scale. Otolaryngol
Head Neck Surg 2004;130:157–63.
15. Weissheimer A, de Menezes LM, Same-
shima GT, Enciso R, Pham J, Grauer D.
Imaging software accuracy for 3-dimension-
al analysis of the upper airway. Am J Orthod
Dentofacial Orthop 2012;142:801–13.
16. Friedman M, Soans R, Joseph N, Kakodkar
S, Friedman J. The effect of multilevel upper
airway surgery on continuous positive air-
way pressure therapy in obstructive sleep
apnea/hypopnea syndrome. Laryngoscope
2009;119:193–6.
17. Cui DM, Han DM, Nicolas B, Hu CL, Wu J,
Su MM. Three-dimensional evaluation of
nasal surgery in patients with obstructive
sleep apnea. Chin Med J (Engl) 2016;129:
651–6.
18. Bury SB, Singh A. The role of nasal treat-
ments in snoring and obstructive sleep ap-
noea. Curr Opin Otolaryngol Head Neck
Surg 2015;23:39–46.
19. Camacho M, Capasso R, Schendel S. Airway
changes in obstructive sleep apnoea patients
associated with a supine versus an upright
position examined using cone beam comput-
ed tomography. J Laryngol Otol 2014;128:
824–30.
20. de Aguiar Vidigal T, Martinho Haddad FL,
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Rua Tessália Vieira de Camargo





1290 Rodrigues et al.
De: Permissions Helpdesk permissionshelpdesk@elsevier.com
Assunto: RE: permission to re-use material included in the following article(s) published in IJOMS for inclusion in my Ph.D. thesis


















ELSEVIER | Global E-Operations Books
+1 215-239-3867 office
l.stingelin@elsevier.com
Contact the Permissions Helpdesk






From: marcos marques rodrigues [mailto:marcosmmr@hotmail.com] 
Sent: 31 October 2017 11:57
To: IJOMS (ELS)
Subject: permission to re-use material included in the following article(s) published in IJOMS for inclusion in
my Ph.D. thesis
 
*** External email: use caution ***
 
Campinas, 10/31/17
Elseivier – International Journal of Oral & Maxillofacial Surgery
Permissions Departament
We are writing to you in order to obtain a permission to re-use material included in the following article(s)
published in International Journal of Oral & Maxillofacial Surgery for inclusion in my Ph.D. thesis:
M. M. Rodrigues, M. F. R. Gabrielli, O. A. Garcia Junior, V. A. Pereira Filho, L. A. Passeri: Nasal
airway evaluation in obstructive sleep apnoea patients: volumetric tomography and endoscopic
findings. Int. J. Oral Maxillofac. Surg. 2017; 46: 1284– 1290.
 This thesis is for academic use only and it is not going to be used for comercial, advertising or promotion
purposes. I am planning to make 5 printed copies of my thesis/dissertation. One of these copies will be
purposes. I am planning to make 5 printed copies of my thesis/dissertation. One of these copies will be
displayed at The University (Universidade Estadual de Campinas – UNICAMP, Campinas, SP, Brazil) library.
In addition, an eletronic version of the thesis will be made available at the University Thesis Database. I thank
you very much in advance.
Best regards
MARCOS MARQUES RODRIGUES          
School of Medical Sciences
Unicamp – Brazil
Rua: Tessália Vieira de Camargo




ZIP CODE: 13083-887.  
